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ABSTRACT 
A rapid detac~ed leaf assay technique was 
developed to test various pathogens for biological control 
of hedge bindweed (Calystegia sepium). Detached leaves with 
complete petiole were excised, surface sterilized in 70% 
ethanol, washed with sterile distilled water, and placed in 
sterile petri plates with sterile filter paper moistened 
with 5ml sterile distilled water. Media, leaf size, 
temperature and light duration were then tested for 
conditions that would optimize maximal leaf longevity. The 
best conditions derived were: 12/12 hrs. light, dark, 
period, 3o0c, sterile distilled water medium and leaves of 
any size. Twenty-five isolates recovered from bindweed 
lesions were grown on agar and these pathogens were 
introduced via 4mm agar plugs on adaxial leaf surfaces and 
leaves observed for necrotic leaf death. Teliospores of a 
rust fungus were introduced via O.lml spore suspension. 
Plates were maintained in a lighted growth chamber at 3o0c, 
12 hrs. light/12 hrs. dark. Lack of symptom induction was 
equated to lack of pathogenicity. Puccinia convolvuli 
caused fungal pustules that resulted in necrotic leaf death. 
Field tests were conducted with P. convolvuli to 
determine mycoherbicidal response. A field containing hedge 
bindweed was mapped to determine areas of concentration. Of 
these bindweed areas, 3.8% were initially inoculated with 
rust teliospores and observed for spore spread from 
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inoculated point source as well as necrotic leaf response. 
At the close of the growing season, 23.7% of the total area 
containing bindweed contained rust teliospores as well as 
exhibited necrotic leaf death. Results of these studies 
suggest that further investigation of P. convolvuli as a 
biological control for hedge bindweed is warranted. 
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This thesis is dedicated in loving 
memory of Daniel J. Cox. 
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Chapter One 
Introduction 
Hedge bindweed and field bindweed often are con-
fused in the field and are differentiated taxonomically 
on the following basis. Calystegia sepium (L.) R. Br. 
also known as hedge bindweed is a branching, twining or 
creeping perennial weed with a persistent tuberous 
rhizome (Gray,1950; Jones,1963; Mohlenbrock,1986). It 
has long petioled, cordate or deltoid ovate leaves with 
flowers occurring in many axils (Jones,1963; Mohlenbrock 
1986). The flowers are 4.5-8 cm long being either white 
or roseate. Conspicuous bracts are present below the 
flower (Gray,1950). Convolvulus arvensis L., also known 
as field bindweed, has a corolla approximately 2 cm long 
with small bracts attached some distance below the 
flower. It has linear leaves that are oblong to ovate 
(Jones,1963; Mohlenbrock,1986). Both plants have a 
prostrate growth habit, are perennial with large 
tuberous rhizomes, are generally found in unimproved 
habitats, waste areas or cropped areas, and can grow 
rapidly once established. The focus of this thesis will 
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be hedge bindweed which is found in several counties of 
Illinois (Mohlenbrock,1986), including Coles Co. and 
specifically in immediate vicinity of Eastern Illinois 
University. 
Hedge bindweed establishment is accomplished by a 
high capacity for seed production with seed viability 
being 40-50 years and by development of an extensive 
root system with numerous buds that are capable of 
developing into new shoots (Degennaro and Weller,1984 a; 
Rosenthal, Andres and Huffaker, 1983). Due to its 
perennial nature, it is included in the world's 12 worst 
weeds (Swan and Chancellor,1976). Once bindweed is 
established in a field they are difficult to eradicate 
due to their root system and high seed longevity. Hedge 
bindweed is found in cultivated fields, fence rows and 
waste areas, especially on bottom lands. Crops infested 
by bindweed include grains, oil crops, vegetables, sugar 
beets, hay and alfalfa (Rosenthal et. al.,1983). 
Hedge bindweed is very competitive with other 
plants for nutrients, water and light. Acting as a 
structural parasite, it is dependent on its free 
standing competitors for mechanical support (Putz 
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and Mooney,1992). Bindweed as well as other vines, 
achieve a high growth rate by devoting comparatively 
little energy to their stems and vying with other plants 
to reach the canopy for light (Putz and Mooney,1992). 
Derscheid, Stritz~e and Wright (1970) utilized 
four crop rotations with application of 2,4-dichloro-
phenoxy acetic acid (2,4-D), and use of postharvest 
tillage with intensive cultivation to aid in the control 
of field bindweed. They concluded that the use of 2,4-D 
alone or in combination with cultivation ~educed the 
amount of field bindweed 90% or more in three years. 
Flint and Barrett (1989) expanded on Derscheid et. 
al.(1970) by adding applications of isopropylamine 
glyphosate [N-(phosphonomethyl) glycine] in combination 
with dimethylamine salts of 2,4-D or dicamba (3,6-
dichloro-2 methoxy-benzoic acid). They discovered that 
leaf and root growth was more inhibited with herbicide 
combinations than from individual chemical applications 
alone. The additive or synergistic control observed 
with mixtures of glyphosate with 2,4-D or dicamba 
appeared due to a greater accumulation of herbicides in 
the roots. 
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Wiese and Lavake (198S) evaluated previous 
chemicals mentioned as well as various post-emergent 
herbicides. Twenty-two experiments were performed with 
glyphosate, dicamba, fosamine [ethyl hydrogen (amino-
carbonyl) phosphonate] and 2,4-D. After treatments, 
plots were plowed two to three times a year to control 
annual weeds and bindweed seeds. Over a six year period 
they concluded that applications with glyphosate, 2,4-D, 
dicamba and fosamine were 71, SS, S7, and 73% effective 
respectively, at control one year after application. 
Dicamba gave good control anytime it was applied 
providing bindweed growth was good. Control with 
mixtures of dicamba and picloram, picloram and 2,4-D, or 
glyphosate and picloram was greater than with any other 
herbicide. However, they also noted that dicamba 
applied after August or any herbicide combination with 
picloram applied after June, injured wheat planted in 
fall. 
Various cultural control methods also were 
proposed. Dalliarmellina and Zimdahl (1988) recommended 
varying crop row spacing and plant density to decrease 
the amount of light available to bindweed for 
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photosynthesis. Derscheid et al.(1970) recommended 
early spring cultivation followed by fall cultivation, 
or cultivation of perennial grasses to provide 
competition. 
Most research has dealt with chemical control or 
cultural control, and very little with biological 
control. Due to the toxic nature of chemicals used in 
control and their potential accumulation in soil and 
underground water supplies, alternative, environmentally 
safer control agents need to be developed. Development 
and use of biological control agents is environmentally 
desirable since chemical controls for all cropping 
situations do not exist. Biological control of bindweed 
may be possible through use of flower, foliage and seed 
feeders (Rosenthal et. al.,1983) or a fungus (Ormeno-
Nunez, Reeder and Watson,1988 a). Ormeno-Nunez et al. 
(1988 a) used the fungus Phomopsis convolvulus (anamorph 
of the ascomycete Diaporthe) to produce a foliar disease 
that causes necrotic leaf lesions culminating in shoot 
death. Root reserves are also reduced subsequently 
(Ormeno-Nunez et al., 1988 b). Objectives of this study 
were to determine potential fungal biological controls 
12 
for hedge bindweed, to assess their pathogenicity, and 
to investigate their use and effectiveness as potential 
mycoherbicides. 
13 
Chapter Two 
Detached Leaf Assay 
Detached leaf assays to assess pathogenicity are 
developed for a variety of plants including beans 
(Hwang,1992). They generally consist of a nutrient 
solution for the plant tissue, a substrate to support 
plant tissue, and aseptic conditions until pathogen 
introduction. They are useful for testing various 
organisms that may be pathogenic to a variety of plants 
species. Specific objectives of this study were to 
examine the effects of nutrient media, leaf size, 
temperature, and light duration on leaf longevity in a 
detached leaf assay. 
Materials and Methods 
Plant Material 
Local collections of hedge bindweed (Calystegia 
sepium) were made on the south edge of the Eastern 
Illinois University campus (Coles Co.) in fall of 1991. 
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Approximatly 40 rhizome sections (5-12cm) were excavated 
from a number of plants and kept moist. Sections 
(3-4cm) were planted into 6.0 x 5.5 x 5.5 cm flats with 
Pro-Mix BX (Siemers Distributors, Inc. Teutopolis, Il.). 
Flats were maintained in a growth chamber (Sherer-
Gillett Co., Marshall, Mich.) with an alternating 14 hr, 
20-220c light (cool white fluorescent plus incandescent 
light) and 10 hr, l6-1a0c dark schedule. Plants were 
watered every other day with distilled water to field 
capacity with no additional fertilizer. Light intensity 
was measured at 145-150 uE m-2s-1 . For all experiments, 
fresh leaf material was obtained from mature stock 
• 
plants. Fully expanded leaves were excised and 
approximately 2.5 cm of petiole remained attached. 
Media/Leaf Size 
Hedge bindweed leaves were surfaced sterilized in 
70% ethyl alcohol for 30 seconds and then rinsed three 
times in sterile distilled water. Three leaves were 
placed into a sterile glass petri plate with their 
petioles protruding through holes created in sterile 9 
cm Whatman filter paper. Each plate contained a small 
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(1-2 cm), medium (3-4 cm), and large (6-7 cm) leaf. 
Adaxial leaf surfaces were placed toward the cool white 
fluorescent. light source. Filter paper was saturated 
with 5 ml of either Hoagland's # 2 nutrient solution, 2 
% Potato Dextrose Broth nutrient solution (PDB), or 
sterile distilled water. The plates were arranged 
randomly on a bench with 24 hr light at 1a-22°c with a 
light intensity of 115-120 uE m-2s-1 • Ten replications 
of each media treatment were done twice. The leaf 
tissue was evaluated daily in each petri plate to 
determine number of days until full necrosis. 
Temperature 
Bindweed leaves were handled as in the media/leaf 
size test with all three leaf sizes and sterile 
distilled water. Petri plates were placed in a growth 
chamber either at 24-250c or 29-3o0c with continuous 
fluorescent and incandescent light with a light 
intensity of 145-150 uE m-2s-1. Twelve replications 
were done at each temperature. Leaf condition was rated 
daily until leaf death using the following scale: 5 = 
healthy, 4 = healthy but with small chlorotic spots, 3 = 
16 
moderately chlorotic, 2 = largely chlorotic with small 
necrotic areas, 1 = largely necrotic, O = full necrosis. 
Light Duration 
Bindweed leaves were handled as in previous 
experiments with three leaves per plate and sterile 
distilled water. Plates were maintained at 23-25°c in 
the same growth chamber. Light duration was either 12, 
14 or 16 hours followed by 12, 10 or 8 hours of 
darkness, at a light intensity for all experiments of 
145-150 uE m-2s-1 (cool white fluorescent plus 
incandescent light). Leaves were rated daily until leaf 
death using the same scale as for temperature. 
Statistical Analysis 
Analyses of variance and Duncan's multiple range 
tests were done where applicable utilizing CoStat 
software. Significance at P=0.05 was used in all 
statistical tests. 
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Results and Discussion 
Leaf longevity ranged from 4 days with PDB media to 
14.8 days with Hoagland's #2 solution. Trichoderma 
contaminated all PDB plates by day 4. The three media 
treatments were significantly different with leaves 
lasting longer in sow and Hoagland's #2 solution than in 
PDB (Table 1). However, leaf size was not significantly 
different (Table 1). 
Statistical means of the three leaves per plate 
were significantly different for leaves maintained at 
the two temperatures (Table 1), with leaves at 3o0c 
having a longer longevity than those at 2s0c. 
Leaf longevity at the three light periods ranged 
from 20-22 days. Days to death for the three 
temperatures were significantly higher with 12 hrs. 
light than with 14 or 16 hrs. light (Table 1). 
Greatest leaf longevity occurred with Hoagland's I 
2 solution and the sterile water control. Hoagland's 
solution contains nutrients that might sustain pathogen 
growth as well as plant tissue growth. Due to this 
fact, Hoagland's solution was not used since objectives 
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Table 1. Effect of Media, Leaf Size, Temperature, 
and Light Duration on Leaf Longevity. 
Media 
x 
PDB 
sow 
HOG 
Leaf Size 
Small (1-2cm) 
Medium (3-4cm) 
Large (6-7cm) 
Temperature (OC) 
25 
30 
Light Duration (hrs. ) 
12 
14 
16 
x PDB= Potato Dextrose Broth 
SDW= Sterile Distilled Water 
Mean Days 
4.0 
13.4 
14.8 
10.2 
10.4 
10.6 
27.6 
28.9 
22.2 
20.7 
20.1 
HOG= Hoagland's #2 nutrient solution 
to Death 
y 
b 
a 
a 
a 
a 
a 
b 
a 
a 
b 
b 
y Mean separation within each category: media,leaf 
size, temperature or light duration by Duncan's 
multiple range test at 5% level. 
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of this study were to isolate pathogens that can be 
parasitic to the host in petri plates without added 
environmental nutrients to stimulate pathogen growth. 
Contamination of PDB and the ensuing short leaf 
longevity made this media less desirable for a detached 
leaf assay. The greatest leaf longevity occurred at 
3o0c. Effect of light duration showed the prime lighting 
conditions to sustain maximal leaf longevity was 12/12 
hrs. light/dark respectively. Therefore, optimal 
conditions for this detached leaf assay of bindweed 
include : sterile distilled water at 3o0c with 12 hrs. 
light and 12 hrs. dark. Leaf size does not appear to 
have a measurable effect. This detached leaf assay may 
be useful for assessing pathogenicity of fungi on 
bindweed in the future. 
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Chapter Three 
Potential Pathogen Screening 
Weeds, like all other plants have natural enemies 
and manipulation of these natural enemies is the 
foundation of biological control (Hasan,1980). The 
advantage of biological control over chemical control is 
its specificity to the weed as well as the lack of 
residue problems or toxic accumulation in soil or 
underground water supplies (Hasan,1980; Wilson,1969). 
Various attempts have been made in control of weeds with 
the aid of plant pathogens (Wilson,1969). In 1916 
Cockayne noted that Puccinia suaveolens affected growth 
and vigor of California thistle (Hasan,1974;1980). 
Bramble rust reduced spread of bramble in parts of South 
Africa (Wager,1969). Foliage, flower, stem, seed and 
root feeders also were used in various ways to act as 
biological control agents for field bindweed in 
California (Rosenthal et. al.,1983). 
Hasan (1980) noted in a review article that various 
biological control agents are currently being 
investigated to control various weeds. 
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These include: Chondrilla rust, Chondrilla powdery 
mildews, Xanthium rust, Rumex rust, blackberry rust, 
anthracnose of northern jointvetch, Cephalosporium wilt 
of cassia, Lantana fungi, and pathogens of vascular 
aquatic weeds. Wilson (1969) reported that plant 
pathogens were used to control the following weeds: 
cactus, mistletoes, water weeds, weed trees, dodder, 
burr, croften weed, dock-leafed persicary, pigweed, 
dandelion, and crabgrass. Ormeno-Nunez et. al.,(1988 
a,b) reported that Phomopsis convolvulus has the 
potential to be utilized as a mycoherbicide. This 
research found that P. convolvulus caused a foliar 
disease that resulted in necrotic and chlorotic leaf 
lesions that resulted in shoot death. Development of 
biological control methods requires knowledge of 
various environmental conditions in which both weed and 
potential biological control can co-exist. If climatic 
and geographical conditions pose problems for either, 
the search for more effective control agents must 
continue (Hasan, 1974;1980). 
Various fungal species were recovered from bindweed 
lesions (Hasan,1974;1980). These fungal growths were 
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cultured and identified, but presently only one report 
has been published evaluating its effectiveness as a 
potential mycoherbicide (Ormeno-Nunez et. al.,1988 a). 
In this study Ormeno-Nunez et. al., noted a foliar 
disease that resulted in rapid shoot death and 
subsequent reduction in root reserves. The objectives 
of this study were to isolate potential plant pathogens 
from leaf and stem legions of Calystegia sepium and 
identify new pathogens that result in rapid leaf death 
of the host plant. 
Materials and Methods 
Fungal Cultures 
Aerial stem sections of C. sepium were collected 
on the south edge of Eastern Illinois University campus 
(Coles Co.) in fall of 1991, brought back to the 
laboratory, and examined for necrotic/chlorotic areas as 
well as any fungal growth. Twenty-five different 
diseased areas were recovered from the parent plant 
material. 
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The leading edge of all lesions was selected, 
excised and transferred to Potato Dextrose Agar (PDA) 
petri plates. Plates were numbered 1-25, placed on a 
laboratory bench at 115-120 uE m-2s-1 with 24 hrs. 
light and allowed to incubate at room temperature, which 
was approximately 22-240c. 
Serial transfers of each plate were made to obtain 
a pure culture. Once this culture was achieved, twenty-
five PDA slants were made and refrigerated at 50c to 
maintain a pure parent culture. Fresh cultures were 
obtained from these slants for future experiments. 
Leaves of various sizes were excised from C.sepium 
stock plants and surfaced sterilized in 70% ethanol for 
30 seconds. Leaves were rinsed three times in sterile 
distilled water, and then placed into petri-plates with 
petioles protruding through holes in sterile filter 
paper which was moistened with sterile distilled water. 
Three leaves per plate were each inoculated with a 
single 4mm plug of fresh fungal culture. Plugs were 
also placed on moistened filter paper in different 
plates to act as controls. Each culture was replicated 
six times at 300c and 12 hrs. light. 
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Plates were rated daily noting fungal growth and 
leaf death using the following scale: NG= no growth, G= 
growth, 3= healthy leaf, 2= chlorotic leaf spots, 1= 
necrotic leaf spots, O= dead leaf. Rating was continued 
until leaves were necrotic and dead. 
Rust Fungi 
Rhizome and aerial shoot sections of C. sepium 
were collected in a field on the south edge of Eastern 
Illinois University campus (Coles Co.) and brought into 
the laboratory. Rhizomes were cut into fifteen 
segments, each being 3-4 cm in length and planted in 
Pro-Mix BX (Siemers Distributors Inc., Teutopolis, Il.) 
in 6.0 x 5.5 x 5.5 cm flats and watered to field 
capacity with sterile distilled water. Fifteen aerial 
stem segments were dipped in Rootone and inserted in 
Pro-Mix BX in 6.0 x 5.5 x 5.5 cm flats and also watered 
to field capacity with sterile distilled water. These 
flats were placed on a greenhouse bench with ambient 
light and allowed to regenerate. 
Within two weeks a non inoculated rust fungus was 
noted growing on abaxial and adaxial surf aces of 
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selected plants. Spores were spread via leaf contact 
and covered with a plastic hood for 24 hours after 
inoculation to allow for an increased relative humidity 
and to prevent further contamination. The following day 
the hood was removed and the rust was allowed to 
continue to grow. Once sufficient rust pustules were 
grown, they were collected using a spore collector 
under vacuum and maintained in sealed gelatin capsules 
at s0c. After collections were made, identification of 
the rust was accomplished, and effects of the rust on 
the number of days to leaf death of stock plants were 
noted. 
Results and Discussion 
Fungal plugs placed on filter paper moistened with 
sterile distilled water showed no fungal growth other 
than on the agar plug. Isolates placed on plant 
material showed no rapid growth or quick leaf death 
which was an objective of the screening process. Due to 
this fact, these isolates were not used as potential 
26 
pathogens for further study. 
The average number of days for leaf death caused by 
the rust was nineteen. Since the rust fungus was able 
to cause leaf and shoot death, and since Hasan (1980) 
suggested this rust as warranting further investigation, 
this fungus was considered an ideal candidate for 
further study in the field experiments. 
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Chapter Four 
Field Studies 
Plant rusts are caused by basidiomycetes of the 
order Uredinales and are among the most destructive 
plant diseases (Agrios,1988). They are notorious for 
their destructiveness of economic crops and usually 
attack the leaves, stems and occasionally floral parts 
and fruits (Agrios,1988). 
Fortunately, most rust species are specialized 
obligate parasites and only attack certain genera and 
species (Agrios,1988). Rust fungi number about 5000 
species with 130 genera that attack a wide range of 
hosts including wheat, rice and corn, and they are found 
worldwide with some climatic restrictions. However, the 
genus Puccinia occurs over a broad range of climatic 
conditions (Littlefield,1981). While most rusts are 
dangerous to the genetically uniform cultivars of 
economic crops, some rust species have been utilized in 
the biological control of weeds, being very host 
specific with occasional attack of related genera 
(Littlefield,1981). 
Rusts possess a complex life cycle that involves 
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five spore stages. These are the basidiospores, 
pycniospores, aeciospores, uredospores and teliospores, 
with basidiospore production by germination of 
overwintering teliospores (Littlefield,1981). 
Penetration by the rust is accomplished through an 
appressorium or through stomata! openings. Once 
penetration has occurred, mycelium branches grow and 
establish in the mesophyll cells. Establishment of 
infection brings about abnormal growth responses being 
either hypertrophy or hypoplasia (Littlefield,1981). The 
major effect of infection is the imbalance of the carbon 
cycle which increases respiration, decreases 
photosynthesis and translocation, causes drought injury, 
and leakage of electrolytes from the host plasma 
membrane (Littlefield,1981). 
Due to the selective nature of rust fungi, Hasan 
(1974), has suggested Puccinia convolvuli (Pers.) Cast. 
as a potential biological control for bindweed. 
Currently, no published research has addressed the 
effectiveness of this rust as a potential mycoherbicide. 
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This study was conducted to evaluate the potential 
mycoherbicidal ability of P. convolvuli on hedge 
bindweed. 
Materials and Methods 
The field on the south edge of Eastern Illinois 
University campus (Coles Co.) that was previously used 
in this study was measured and plotted in one meter 
square sections with the total plotted area being lOm x 
20m. The distribution of C. sepium in this area was 
noted by estimating the number of leaves present in a 
plot, and mapped to establish the plots of maximum 
density. Three plots were selected to inoculate with 
teliospores from P. convolvuli which had previously been 
collected under vacuum with a spore collector and stored 
in gelatin capsules at sOc. 
Prior to inoculation, the spores were placed in 
2 ml of sterile distilled water for four hours to remove 
any possible germination inhibitors (Littlefield,1981). 
Following this time period the teliospores were 
collected with a micropipet and placed in a 3% agar 
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solution with a count of 3.5 x 104 spores per 
milliliter. One or two droplets (0.1 ml) of this 
uredospore suspension were deposited on four adaxial 
leaf surfaces of one selected plant per area at dusk. 
Measurements were then taken to determine rate of spread 
of the rust fungi from the point source inoculated. 
Plots were examined every five to seven days until 
necrotic leaf death, noting spore spread to surrounding 
leaves and recording the number of leaves containing 
spores in inoculated areas as well as adjacent areas. 
This experiment was conducted during one growing season 
being late spring to early fall 1992. 
Results and Discussion 
The original area of the study plot was 200 m2 with 
hedge bindweed being found in 131 m2 of the plot. This 
distribution resulted in hedge bindweed being in 65.5% 
of the study area (Table 2). Originally, 3.8% of the 
bindweed area was inoculated with teliospores of rust 
fungus (Table 2). The original inoculated plots were 
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slowly infected over the course of the study with a 
range in number of infected leaves being zero at the 
start of the study to a high of 136 leaves on the 
nineteenth time sampled (Figure 1). Spread of rust 
spores was slow in the beginning of the study with an 
initial percent infection of zero to a high of 23.6% 
infection of total bindweed area occurring in the 
twentieth through twenty-second sampling dates (Figure 
2). On the twenty-first and twenty-second day all 
leaves in the initial infected plots were dead. Average 
daily temperature for the duration of the research 
ranged from 12.1°-23.6°c (Figure 1). 
Although spread of infection was inhibited in the 
beginning of the study, as the study progressed the 
number of infected leaves increased resulting in the 
death of all of the initially inoculated bindweed plants 
as well as the plots to which spores had spread. At the 
conclusion of the study, all plots containing bindweed 
were fully necrotic. Original infected plots were all 
necrotic on the twenty-first and twenty-second 
sampling day, with cause of death directly related to 
the rust fungi, however, causation of death could not be 
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Table 2. Hedge bindweed concentration and infection. 
Field area 
Plots with bindweed 
Inoculated plots 
Total infected plots 
200 
131 
5 
31 
33 
% of plots 
65.5 
3.8 
23.7 
Figure 1. Number of infected leaves in inoculated plots. 
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fully determined to remaining bindweed stands due to 
several frosts that occurred in the weeks preceding the 
conclusion of the experiment. 
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Chapter Five 
Summary 
Prior to the close of field studies, infected bindweed 
leaves were examined for spore types. Pycniospores were 
found on forty-eight examined leaves. Pycniospores were 
developed after initial infection and are haploid. Fusion of 
pycniospores would lead to dikaryon aeciospores which would 
lead to uredospores leading to a secondary infection cycle 
with large spore production. However, no evidence of 
aeciospore production was found. 
This evidence suggests that the life cycle was halted 
prematurely. Pycniospores, specifically, are small, 
haploid, unicellular spores that function as male gametes 
and are incapable of host reinfection (Littlefield, 1981). 
They also contain "flexuoies hyphae" which function as 
"female" receptive structures to which "male" flaxes fuse to 
initiate the dikaryotic (N+N) phase of the life cycle 
(Littlefield, 1981). Following this phase, reinfection 
occurs. If the complete life cycle was uninterrupted, 
greater infection numbers would be expected as well as 
uredospores in large numbers. 
Hedge bindweed prefers warm, humid, sunny habitats 
(Ormeno-Nunez, et. al. 1988 b). However, Ormeno-Nunez et. 
al. (1988 b) concluded that diseased bindweed was rarely 
found in such areas, preferring moist, shaded areas. The 
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study area was located in a large field free from trees and 
shaded areas. In this study infected bindweed plants were 
subjected to full day sun in a well drained area. 
Various factors may account for low infection 
percentage. Initial inoculum levels may have been too low 
to infect the field adequately or inoculation may have 
occurred too late in the season. Frazier (1943) noted 
carbohydrate reserves to be lowest in May as a result of 
early spring growth and peak in October or November. Total 
nitrogen was at a maximum in mid-April and a minimum in mid-
May. In this study, inoculation occurred in mid-May, the 
lowest point for both carbohydrate reserves as well as total 
nitrogen. However, germination or spread of the rust did 
not occur until late June which would allow the carbohydrate 
and nitrogen levels to begin to increase. 
Dalliarmellina and Zimdahl (1988) determined bindweed 
growth was more vigorous when high light levels occurred 
early in their life as opposed to later. This information 
coincides with low root reserves of bindweed. To capitalize 
on this information, rust application should be optimally 
applied in mid-April, early May and possibly more often 
during growing season. However, in this study, inoculation 
occurred only once from mid to late May. 
In this experiment, hedge bindweed control with a rust 
fungus was attempted. While rust spread was observed 
throughout the field, definitive death was difficult to 
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determine. In the detached leaf assay and greenhouse 
experiments, the rust was noted to be parasitic and 
ultimately kill the host plant. While this study was 
performed only one growing season, the evidence suggested 
several growing seasons be utilized as well as specific 
weather data kept to review seasonal trends on severity of 
disease spread. 
Future research needs to address the inoculum levels 
necessary for adequate infection as well as proper dew 
period required for satisfactory spore germination. Several 
experimental plots should also be utilized to determine 
infection reactions to various bindweed biotypes. A 
continuing obstacle for obtaining satisfactory control of 
bindweed by rust will be the regeneration ability of 
bindweed. However, this pathogen does merit further 
investigation with respect to its potential as a biological 
control of hedge bindweed. 
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APPBllDIX A 
Nutrient Solutions For Detached Leaf Assay 
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Nutrient solution for Detached Leaf Assay 
HOAGLAND'S #2 
KN03 12 ml 
Ca(N03)2 8 ml 
NH4H2P04 4 ml 
MgS04 2 ml 
Micronutrient solutionX 2 ml 
H3B03 2.86g 
MnCl2 4H20 1.81g 
ZnS04 7H20 0.22g 
Cuso4 SH20 o.oag 
H2Mo04 H20 0.02g 
Iron solutionY 2ml 
FeC4H406 s.oog 
X Compounds added to one liter water to constitute 
micronutrient solution. 
Y Ferrous tartrate added to one liter water to 
constitute iron solution. 
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POTATO DEXTROSE BROTH 
24 grams PDB added in 1 liter of water. Mix and 
autoclave at 1210c at 15 psi for 20 minutes. 
Formula of PDB 
200 grams potato from infusion 
20 grams Bacto-Dextrose 
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APPEllDIX B 
ANOVA TABLES 
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Chapter 2. Media type and leaf size. 
TWO WAY ANOVA RANDOMIZED COMPLETE BLOCKS 
Source SS df MS F p 
------------------------------------------------------------------------------
Blocks 222.26666667 9 24.696296296 5.4321792261 
.0000 *** 
Main Effects 
medi 1862.4666667 2 931.23333333 204.83340122 
.0000 *** 
size 2.6 2 1.3 0.2859470468 .7522 ns 
Interaction 
medi x size 2.9333333333 4 0.7333333333 0.1613034623 .9572 ns 
Error 327.33333333 72 4.5462962963 
Total 2417. 6 89 
Chapter 2. Temperature. 
ONE WA\ ANOVA COMPLETELY RANDOMIZED 
Source SS df MS F p 
------------------------------------------------------------------------------
Main Effects 
temp 
Error 
Total 
18.638565125 
311.60398053 
330.24254565 
Chapter 2. Light duration. 
1 18.638565125 4.1870439413 .0445 * 
70 4.~514854361 
71 
ONE WAY A.NOVA RANDOMIZED COMPLETE BLOCKS 
Source 
Blocks 
Main Effects 
lgt 
Error 
Total 
SS 
4.3116666667 
20.005833333 
14.900833333 
39.218333333 
df MS F p 
7 0.615952381 0.578714837 .7622 ns 
2 10.002916667 9.3981880208 .0026 ** 
14 1.0643452381 
23 
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